L-type voltage-gated calcium channels are involved in the in vivo and in vitro expression of fear conditioning.
Fear conditioning, a behavioral model of fear learning and cue-related anxiety, causes enhanced neuronal transmission in the thalamic to lateral amygdala pathway.(1,2) In the expression phase of learned fear, this increased transmission recorded in vitro is revealed in increased amplitudes of excitatory postsynaptic currents (EPSCs) and occlusion of paired-pulse facilitation (PPF) implicating a presynaptic increase in transmitter release. Here we examined the contribution of L-type calcium channels in fear conditioning. We measured the effect of nimodipine (Nim, 1.5-20 mg/kg), an L-type calcium channel antagonist, on fear-potentiated startle in which startle was assessed in animals receiving paired or unpaired tone and foot shock. Nim administered intraperitoneally blocked fear-potentiated startle but not baseline startle in a dose-dependent manner. We also analyzed the effect of Nim (10 micro M) in vitro on synaptic facilitation of EPSCs and PPF in slices from naïve control, unpaired control, and fear-conditioned animals. In neurons from naïve control animals, Nim had no effect on EPSC amplitude or PPF, but in slices from fear-conditioned rats, Nim reduced EPSC amplitude, suggesting the recruitment of L-type calcium channels within the fear-conditioning pathway. Nim increased PPF in slices from fear-conditioned animals, suggesting that L-type calcium channels may contribute to increased probability of release in fear conditioning. In slices from unpaired animals, Nim decreased synaptic transmission but had little effect on PPF, suggesting that stress or contextual fear learning may induce L-type channel activity in fear-conditioned and unpaired control animal groups. We also analyzed protein expression of the alpha(1C) and alpha(1D) L-type calcium channel subunits isolated from the amygdala and found that alpha(1C) protein was significantly increased in fear-conditioned animals. These findings suggest that L-type calcium channels play a role in the amygdala in cued fear conditioning and have important implications in the treatment of anxiety and in emotional learning and plasticity.